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Development of the All-Phosphorescent OLED Product for Lighting Applications
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Abstract

In Autumn, 2011, Konica Minolta marketed a lighting product
that uses only phosphorescent-emitting organic materials: the
world’s first all-phosphorescent OLED (organic light-emitting
diode) lighting panel. In the mass-production of OLED lighting
panels, new technologies for the evaluation of reliability have
been urgently needed, especially (1) a way to estimate emission
lifetime, (2) a way to predict non-emission defects due to short
circuits caused by insulation breakdown during operation, and
(3) a way to quantify mura due to high-temperature storage.

An accelerated test method and a method of estimating life-
time were developed based on a statistical analysis of lifetime
behavior, allowing a sampling method of swiftly estimating the
half-decay time of luminance. Regarding shorts during opera-
tion, the correlation between leak current characteristics and the
probability of shorts provided a method of predicting shorts. In
addition, a new, highly-repeatable method of evaluating mura
was developed and shared with outside production companies.
Based on these newly developed methods, the world’s first all-
phosphorescent OLED lighting panel was developed.

k= ANy TFr/ud—try—H
MEHARIIZEIT AR EL SR B =

B A E Bx i & BE &R
Hiroshi KASHIWAGI

Takatoshi TSUJIMURA

1 FUsIC

VT, AL 7 rar vy X (L& “OLED”
& AE) OIRIAEN DR %23\ T\ %, OLED
DL, KR w 7 e — FaFotiic A\oHICEL
$, BRESVEREICHEN S L \vo - FHM %G5 L, OLED Mk
H OB AR I T 5 V29,

= 27 NI E OMEL G 2 HvT, 9
ALV TEMERED T4 ZAZBFEL CT& Y, 0k
Mizkica=s 3/ V%I, FA v PhilipsthicEERT
T 3T 2011 4E8KI2 OLED JHIH S 2L e % BHIA L
729, RIS R O O RROER E Ty o T
L, BIfER S RS E B 2 HB L 72,

Fig. 1 iIc#h DG, Table 1 12 3 HHIANERE % R ¥, [
BB IC XD, RFREIEEZEBL Tw 5,

HEMICB W TR BEZFEO O ERETH
O, FHEMEDS R  EREMEDS B R T ESBETH B A
WCIEHHUCBTE U 7S BRI EART IC D W»WTid R 2,

Fig. T World’s first all phosphorescent OLED lighting panel product.

Table 1 Performance of OLED lighting panel product.

ltem Performance
Luminous efficacy 45 Im/W
Thickness 1.9 mm
Emission area about 37 cm?
Luminance 1,000 cd/m?
Current / Voltage 71.5mA/3.6V
Color coordinates (x,y)=1(0.45,0.41)
Color temperature 2,800 K
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Fig. 2 Separation into initial degradation and normal degradation (un-
der an accelerated condition).
The total luminance decay curve can be separated into an initial
degradation curve (initial luminance decay) and a normal degra-
dation curve (luminance decay after initial luminance decay). The
normal degradation curve is obtained by extrapolating from data
comprising the latter half of the total luminance decay curve. The
initial degradation curve is obtained from the difference be-
tween the total luminance decay curve and the normal degrada-
tion curve.
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Fig. 3 Separated degradations on a semi-log plot (under an accelerated
condition).
Both separated initial degradation and normal degradation are
well fit to approximate straight lines on a semi-log graph.
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Fig. 4 Normalized initial degradation (under standard conditions).
Relative luminance decay of normalized initial degradation is in-
dependent of temperature.
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Fig.5 Arrhenius plot of maximum initial degradation (under standard
conditions).

Degree of the initial degradation rate clearly depends on tem-
perature.

3.2.3 k=%I%1E

FIERIC, (=01CHF L 7@ %L h — 7 Dbl & By &
¥ % & (Fig.2), b= VOB A — 713 FAT&S
ns,

L:Linitial+Lnorma1:a0 -Ll +)B0 -LZ

a,initial

= )exP{_A_tl}

=ayexp(

o t
+(1 —a, eXp ( Ea,zmtzal )) . eXp{_ } (8)
kT Az exp ( a normal)

22T, Loma \EHIVIBEEE (203 2 58 5 % (LK 2 DA

BEEE, Lo (2@ H % LS TR L S i i 4 Lo fH

BEEE, Eonorma 1@ H BT DIEEL T 2L X —, Al
WHART DI D 1/e 12T B %2 £ 7,

60 KONICA MINOLTA TECHNOLOGY REPORT VOL.9 (2012)



Fig. 6 |Z#HHKEE 1000 cd/m? #1124 D JEHESLF 12 B 1)
%, ASICLZHERED—7CTh 5, EEEROHERE
AH—=7E3HRUc kL 74y F LT3,

30°C
3 45°C
5 L |85C
£ 06 ¢ T 65C
E]
S 04t
T
[0]
X 02

OO Il Il Il Il Il Il

0 200 400 600 800 1000 1200 1400
Time (h)

Fig. 6 Decay data and calculated curves (under standard conditions).
Relative luminance decay data are well fit to theoretical curves
based on Formula (8).
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Fig. 7 Decay data and calculated curves (under an accelerated condition).
Relative luminance decay data are well fit to theoretical curves
based on Formula (8).
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Table 2 Lifetime estimation and result.
Estimated 70% lifetime to initial luminance is very close to ac-

tual lifetime.
Estimation Lifetime
at 300 h result
Test 1 3,890 h 3,680 h
Test 2 3,730 h 3,380 h
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Table 3 Relation between leak current characteristics and shorts during
operation.
Short circuits are clearly many in OLED panels when the leak
current at — 3.5 V is larger than criteria.

Leak currentat-3.5V  Short circuits during

applied voltage operation
>0.4 yAlcm? 37%
0.4 yA/cm? 12%
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Brightness, dark adaptation,
and preparation of
evaluation samples (ND filter set on sample)
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Fig. 8 Example of cloudy mura and evaluation scheme using ND filters.
Evaluation always started from a darker condition. Degree of
mura was ranked by an ND value at which the mura was visually
evident.
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